Introduction
Hydrogen peroxide and its descendant reactive oxygen species (ROS) have historically been viewed in biological systems nearly exclusively as oxidants that damage essential biomolecules, [1] [2] [3] but recent reports have shown that H 2 O 2 can also perform essential signaling functions at low concentrations. 4, 5 Due to the damage caused by high ROS concentrations, signicant efforts have been devoted to developing antioxidants that catalytically reduce ROS and other oxidizing radicals. 6 Catalytic antioxidants require other species to serve as terminal reductants (ascorbate, glutathione, NADH, etc.) and, under certain conditions, depletion of endogenous reductants by a catalytic antioxidant can induce, rather than prevent, oxidative stress.
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A catalytic antioxidant that could harness H 2 O 2 or other ROS as terminal reductants, akin to catalase and superoxide dismutase, 10, 11 would preclude adverse oxidative damage. Mechanistic studies on the Ru-catalyzed aerobic oxidation of alcohols have provided evidence that O 2 can insert into a Ru-H bond and be subsequently released as H 2 O 2 (Scheme 1A, red arrows).
12, 13 The principle of microscopic reversibility 14 therefore dictates that it is mechanistically equivalent for H 2 elimination (i.e., 1,2-deinsertion of O 2 ) 15 from Ru-OOH (blue arrows), proceed through a common transition state. The forward and reverse reactions in Ru-H + O 2 # Ru-OOH could alternatively proceed via 1,1-insertion and 1,1-deinsertion of O 2 , respectively, but Ru-OOH would need to rearrange to a higherenergy species for this to be mechanistically feasible (vide infra).
Ruthenium complexes comprising H À and O 2 ligands both bound to the same metal have been previously observed, [16] [17] [18] [19] [20] which suggests that the formation of a 
Results and discussion
Peroxide terminal reductant ability is unique to H 2 O 2
By itself, Ru1 cannot reduce ABTSc À to ABTS 2À in phosphate buffered saline (PBS, pH 7.4), 28 consistent with the fact that a catalyst cannot be consumed or produced by the net reaction ( Fig. 1A(i) ). Subsequent addition of H 2 O 2 caused a decrease in radical absorbance at 734 nm (Fig. 1A(ii) ) accompanied by an increase in absorbance at 340 nm, consistent with the 1 : 1 conversion of ABTSc À to ABTS 2À (Fig. S1 †) . In the absence of ] over the course of 45 min (Fig. 3(ii) Fig. 3(iii) ), which conrmed that all of the H 2 O 2 had been consumed in the previous step. To determine if this lack of HRP-induced ABTSc À formation was due to enzyme deactivation, a second 20 mM aliquot of H 2 O 2 was then added (Fig. 3(iv) ).
The resulting gradual increase in [ABTSc
the lack of reactivity in the previous step was due to depletion of the terminal reductant and not enzyme deactivation. Furthermore, the formation of ABTSc À in Fig. 3 (iv) could only occur if there were ABTS 2À present at the end of Fig. 3(iii) . This, in turn, provided evidence that the decrease in ABTSc À absorbance observed in Fig. 3 (ii) was caused specically by the one-electron reduction of ABTSc À to ABTS 2À .
The concentration of H 2 O 2 added in Fig. 3 (iv) was equal to that added in Fig. 3 (ii), therefore the HRP had access to a sufficient amount of terminal oxidant to oxidize all of the ABTS 2À produced during Fig. 3 (ii) and restore the concentration of ABTSc À to the initial value in Fig. 3(i) . However, the [ABTSc À ]
in Fig. 3(iv) (Fig. 3(v) ), which demonstrated that Ru1 was still present and catalytically competent.
b-Hydride elimination from Ru-OOH is proposed mechanism
We propose the mechanism for Ru1-catalyzed C.
Scheme 2 Proposed mechanism for Ru1-catalyzed ABTSc À reduction with H 2 O 2 . Forward (clockwise) and reverse (counter-clockwise) reactions are colored in green and blue, respectively. Each K n or k n corresponds to the equilibrium or rate constant, respectively, for the forward reaction in step "n" (i.e., step 1 has equilibrium constant K 1 , etc.). TS5 is the structure of the transition state for step 5. The dashed arrow includes multiple transformations that occur after the ratedetermining steps (see ref. 26 
The (Fig. 4D ) revealed a positive correlation and could be t using eqn (4), whereby the deviation from linearity at higher concentrations indicated that H 2 O 2 must bind to Ru at some point prior to ABTSc À reduction (consistent with step 3). The linear relationship between v 0 and [Ru1] 0 (Fig. 4E) suggested that the observed reactivity was predominantly produced by a mononuclear species, consistent with our previous mechanistic studies. 26 The Eyring-Polanyi plot (Fig. 4F) C. The data points (>) and error bars were determined from the average and standard deviation values obtained from 4 independent experiments performed on 4 different days, and the grey traces represent the model fits generated by eqn (2) Catalytic organic transformation reactions which proceed through Ru-H intermediates have been studied by mass spectrometry, however these reactions typically employ millimolar catalyst concentrations. 
